In Brazil, 80% of hypertensive patients have no blood pressure controlled, this fact has caused severe financial consequences for the public health system (PHS) and the Pharmaceutical Care (PC) has emerged as an effective alternative. The aim of this study was to analyze the costs and outcomes of systemic arterial hypertension (SAH) for conventional assistance compared to assistance with PC in the PHS. This is a pharmacoeconomic study with cost-consequence analysis nested to clinical trial. Hypertensives patients were followed-up from 2006 to 2012. During 2009 they were assisted by the PC program in Ribeirão Preto-SP, Brazil. Clinical indicators, systolic and diastolic blood pressure (SBP and DBP), triglycerides, total cholesterol (TC) and its fractions and healthcare indicators, consumption of antihypertensive medication and consultations were analyzed. Costs were listed as direct medical and direct non-medical. The average cost of conventional care for 104 patients followed-up was US$ 198.97, in the PC period and after discharge was US$ 407.91 and US$ 214.96 patient/year. After discharge of patients from PC there was reduction of SBP, DBP, TC and cardiovascular risk, 9.4 mmHg, 4.6 mmHg, 12.0 mg/dL, and 23% [p<0.005], respectively. The PC program optimized clinical and healthcare indicators and impacted in the SAH costs for the PHS.
INTRODUCTION
Of a total of 56 million deaths worldwide in 2012, 38 million were due to chronic non-transmittable diseases. Among them, is highlighted the Systemic arterial hypertension (SAH) (WHO, 2003; Brasil, 2008; WHO, 2014a) . It has affected, approximately, one third of the population, reaching over 50 % of people in old age and 5 % of children and adolescents (Cipullo et al., 2010; WHO, 2013; WHO, 2014b; Malachias et al., 2016) . Blood pressure, if not controlled, is considered an important risk factor for the occurrence of other diseases of the circulatory system i.e. cardiovascular diseases (CVD) (WHO, 2011; WHO, 2013; WHO, 2014b; Malachias et al., 2016) . In addition, 20 % of hypertensive patients have blood pressure within the recommended range of the VII guideline of the Brazilian Society of Cardiology (BSC), which is considered a low rate (Pontes-Neto et al., 2008; Malachias et al., 2016) . There are studies that show a control pressure percentage below 20 % among hypertensive patients in Brazil (Jardim et al., 2007; Rosário et al., 2009) .
The consequence of this SAH situation in Brazil was presented by the VII guideline of the BSC (Malachias et al., 2016) , which translates to about 1.2 million hospital admissions in Brazil being linked to CVDs. This reality refers to the fact that SAH has an annual cost of about 780 million dollars for health systems, showing that the representative portion for the Public Health System (PHS) amounts to approximately 462 million dollars (Malachias et al., 2016) .
The PHS has sought alternatives to work around this panorama of SAH in Brazil, outlining strategies and care proposals that promote improved clinical results and preventive patient care (Araújo, Ueta, Freitas, 2005; Malachias et al., 2016) . A health technology capable of providing better prospects in the control of chronic diseases, especially SAH, is Pharmaceutical Care (PC) (Araújo, Ueta, Freitas, 2005; De-Castro, Correr, 2007; Lyra-Jr, Marcellini, Pelá, 2008; Pereira, Freitas, 2008; Zubioli et al., 2013) . It is a model of professional practice in which the pharmacist uses clinical and humanistic skills to promote patient care through pharmacotherapeutic follow up (Ivama et al., 2002) . Some studies have shown that PC is effective not only in controlling blood pressure, but also in reducing health complications caused by SAH (Machado et al., 2007; Aguwa, Ukwe, Ekwunife, 2008; Lyra-Jr, Marcellini, Pelá, 2008) . However there is a need to assess the financial impact of PC together with clinical results achieved so this practice is encouraged in the PHS.
Pharmacoeconomics is a science that studies the economic evaluation of health products and services. Among different pharmacoeconomic analyses there is the cost-consequence analysis, which enables to visualize the costs and outcomes for a specific morbidity, thus, generate hypotheses and design scenarios to assist health management. In this context, the aim of this study was to analyze the costs and outcomes of SAH for conventional assistance compared to assistance with PC in the PHS.
SUBJECTS AND METHOD

Study design and delineation
This is a pharmacoeconomic study nested to clinical trial with a cost-consequence analysis in perspectives to PHS. From March to November 2014 data were collected for this study. These data are divided into clinical, healthcare, and economic. Clinical and healthcare data refer to the monitoring of hypertensive patients during the years 2006 to 2012 by the Research Centre for Pharmaceutical Care and Clinical Pharmacy (CPAFF), Faculty of Pharmaceutical Sciences of Ribeirão Preto, University of São Paulo (FCFRP-USP). In 2009 there was a PC program developed by the CPAFF, which assisted these patients for twelve months. Thus, the clinical data of the three years preceding the program (2006) (2007) (2008) represented this study of years without PC, with conventional care, it is proposed in three levels of care in the PHS, basic care; Specialized/emergency care; Tertiary care (hospital admissions and more complex care). All care levels provide multiprofessional care and the patients get free basic medicines to treat hypertension. 2009 was the year with PC, and the three subsequent years (2010) (2011) (2012) represented the years Post PC. Clinical data were collected through patient medical records and pharmaceutical and healthcare records through the Hygiaweb® computerized system. Individuals diagnosed with SAH were included in the PC program, being residents of Ribeirão Preto, SP, aged over 20 years, in medical care for SAH, PHS users and taking antihypertensive medication (AH). Patients who could not continue the planning of PC consultations, pregnant women, nursing mothers, and those who had diagnosed cognitive impairment were excluded. The PC program was developed in two basic health units of the PHS in Ribeirão Preto, a district and another site. One monthly consultation per patient was scheduled, totaling twelve appointments in the year for each patient. They were based on the pharmacotherapeutic monitoring strategies of the North American PWDT (Pharmacist Workup of Drug Therapy) model (Cipolle, Strand, Morley, 1998) . A pharmacist of CPAFF was responsible for leading the program and conducting consultations in both health units, which took place on a monthly basis for each patient. In the first consultation the patient's medical history, lifestyle, eating habits, socio-demographic data (gender, age, skin color, education, occupational activity, income) and measures of the profile of cardiovascular risk (obesity, dyslipidemia, family history, smoking, diabetes and waist circumference) were addressed.
Subsequent consultations followed the activities related to the pharmacotherapeutic monitoring, covering measurements of blood pressure and measures of cardiovascular risk, analysis of medications and test results, health education with guidance on patient behavior regarding life habits, adherence to treatment and when necessary, pharmacotherapy interventions. These data were recorded in the pharmaceutical record along with clinical and healthcare data for patient monitoring. This monitoring is recommended in the V guideline of BSC for the management of hypertensive patients (BSC, 2007) .
Clinical and healthcare indicators of study
The endpoints evaluated in the follow-up of patients were clinical and healthcare data respectively. Clinical indicators relate to measurements of systolic and diastolic blood pressure (SBP and DBP), and the results of triglycerides (TG), total cholesterol (TC) and its lipoprotein fractions of low density (LDL) and High Density Lipoprotein (HDL). The healthcare indicators correspond to the annual number of consultations and the annual consumption of antihypertensive medication (AH). Consultations were classified into primary care (consultations with general practitioners and medical family health), emergency care (consultation for hypertensive crisis in emergency care) and specialized care (consultations in cardiology specialty), and AH medication were considered those supplied by the PHS, belonging to the Municipal Essential Medicine List. The indicators were analyzed by the annual mean values collected in the patients' records, which did not represent an exact number of values for each year. The patient was excluded from the subgroup analysis for the variable if there was no record for that variable in one of the years of analysis.
Costing
It was used the mixed method for costing, micro and macro-costing with the technique "top-down", except for anti-hypertensive medications, which the costs were collected from municipality purchase record. Costs were raised by the system of the Municipal Health Department of Ribeirão Preto (MHD-RP) and computerized data of the unified table of the PHS (Brasil, 2015a) . The year 2013 was used as the basis for calculating due to data collection. However costs have been adjusted for the year 2015. For this the Consumer Price Index (CPI) was considered which is available in the consolidated economic indicators of Brazil's Central Bank (Brasil, 2013) . The conversion into US dollars was made using the exchange rates published by the Central Bank of Brazil (Brasil, 2009; Rascati, 2010) .
The costs considered in this study were direct non-medical (absenteeism and transportation) and direct medical (consultations, laboratorial tests, AH medication). The total annual cost was calculated performing the average for each type of cost considering 51 patients, all patients with medical records available, and records in the computerized system during the years of the study (2006) (2007) (2008) (2009) (2010) (2011) (2012) . For a total annual cost, the overall of patients followed up by PC, 104 patients, was multiplied the average annual cost per patient related to each variable. The cost per period and costs per patient were obtained by averaging each of the years in the period.
The calculation of absenteeism was performed according to the average salary among those who worked as non-self employed, considering the percentage of them among the 104 patients, to calculate the total cost and the patient in general. The calculation was performed considering the Brazilian labor law to charge 8 hours of work/day, a month of vacation, 20 days of work in the month (excluding weekends and holidays). The average annual salary amount, considering 13 th salary was divided by the total hours worked in the year, obtaining the value of hours worked. This value was multiplied by half a working day period i.e. four hours (considered as missing work to attend the consultation) (Brasil, 2006) .
For costs related to transportation it was considered that the patient used public transport to travel to and return from the consultations. For the calculation the value of the flat rate charged in the municipality was used. This cost was assigned for those patients self-employed, the elderly not working, and retired, who use public transport and did not pay the public transport fees or for the ticket (Brasil, 2015d) .
In relation to the examinations, those tests used for diagnosis of dyslipidemia, recommended the monitoring of SAH by the VII guideline of BSC (Malachias et al., 2016) to be a morbidity associated with risk factor for CVD were considered. Thus, it included the tests of TG, TC and LDL and HDL fractions (Jellinger et al., 2012) . The cost was obtained from the unified table of the PHS (Brasil, 2015a) . The calculation was performed for each patient by multiplying the total number of annual examinations by the unit cost of the exam.
Consultations were classified in PC consultations (consultations with the pharmacist, used for the cost calculation of PC), as primary care, emergency care and specialized care. Discriminated data of municipal costs for each health Unit in the city by the Finance Division and Operational Cost of MHD-RP, and the number of consultations broken down by sector/specialty of each health facility in the city by the IT, Statistics, Control and Audit department of MHD-RP were obtained.
Primary care was considered in our study as a general service to the patient's health condition in which there are few discrepancies between the average cost of a hypertensive patient with the general average of patients with other diseases. Thus, the total expenditure considered in this study with a basic health unit and family health strategy, and the total consultations in the health units were used. For the calculation, the division between the annual cost and the annual number of consultations of each unit was performed, obtaining the average cost of a consultation in this segment.
As for emergency care and specialized care it was considered that they cannot be generalized in terms of costs for different morbidities. The hypertensive patient has a different cost in each of these segments and these costs consider the logistics of standardized care for the public health services (Brasil, 2015b) . Therefore, the basal cost of the emergency units and the basal cost of the basic health unit for outpatient care were calculated. This cost refers to expenditures that are common to any type of patient who enters the unit to be attended to.
To calculate the consultation cost of specialized care, the cost of the electrocardiogram (ECG) examination recommended by the BSC (BSC, 2007; Malachias et al., 2016) as a routine evaluation, nursing care, the consultation with the cardiologist (Brasil, 2015b) , and medical monitoring were considered, being these four categories obtained from the unified table of the PHS in 2013 (Brasil, 2015b) . To make the calculation, these costs were added to the baseline cost of the care unit. The cost of monitoring was utilized according to the VII guideline of the BSC (Malachias et al., 2016) . Thus, routine exams (urinalysis, serum potassium, serum creatinine, uric acid and fasting glucose), and color doppler ultrasound, transthoracic echocardiography and aortic arch angiography examinations every two years were considered, as these examinations are recommended for further evaluation of clinical and subclinical lesions in the target organ. It is noteworthy that for the calculation of the cost of the consultations, an ECG in each consultation and examinations of medical monitoring every six consultations was considered, considering the average of three annual consultations with the cardiologist (Brasil, 2015b; Malachias et al., 2016) .
To calculate the cost of the emergency care consultation, the cost of medical care, nursing care, the recommended tests of the VII guideline of the BSC (Malachias et al., 2016) such as the ECG, chest X-ray and creatine phosphokinase (CPK), obtained from the unified table of the PHS were considered (Brasil, 2015a; Malachias et al., 2016) . These costs were added to the baseline cost of the care unit and the cost of urgent medication (Brasil, 2015b) . The cost of medication was calculated by averaging the unit cost of the medication available on the municipal list for hypertensive emergency, being Hydralazine hydrochloride 20 mg/ml, Sodium nitroprusside 25 mg/ml, Furosemide 10 mg/ml, Captopril 25 mg, and Clonidine 0.15 mg. For intravenous medication administration, the cost of 0.9 % saline solution and nurse's materials were considered, being the cost obtained by the Pharmacy Division of MHD-RP, and also the cost of administering the drug, obtained from the unified table of the PHS (Brasil, 2015a) .
Regarding AH medication, the unit cost was acquired from the acquisition report of the Pharmacy Division of MHD-RP. This value was divided by the amount in milligrams corresponding to each drug to obtain the cost/ milligram. For the calculation, the annual consumption in milligrams of each antihypertensive medication per patient was considered. Consumption was multiplied by the value in milligrams for each medication used by the patient to supplement the cost of AH medication per patient year.
Statistic
The sample design for the monitoring of patients by PC was based on a sample calculation for experimental studies using an estimated population mean for the dependent variable, systemic blood pressure. It was grounded at the formula , where Z α/2 is the normal standard percentile α =0,05; dpΔ related to standard deviations before and after the intervention; and Ɛ is the accuracy, a clinically significant difference after the intervention. The value of 30 mmHg for the dpΔ was used from literature (Borges, 2008; Lyra-Jr, Marcellini, Pelá, 2008) . A clinically satisfactory reduction in systolic blood pressure between 5-10 mm Hg were considered (Aguwa, Ukwe, Ekwunife, 2008; Lyra-Jr, Marcellini, Pelá, 2008) . Thus, for an Ɛ value between 5-10 mmHg the sample number between 33 and 138 was calculated. The Statistical Package for Social Sciences® (SPSS) version 19.0 software was used to perform the hypothesis test, considering the significance level of 5%. The statistical inference was based on data from repeated measures due to this study considering the data from the same individuals at different points in time. Thus, the oneway ANOVA test with Bonferroni post-test was performed for comparison between Pre PC, PC, and Post PC data groups in the analysis of the indicators of SBP, DBP, TC, HDL, LDL, TG and consumption of AH medication, which represent continuous quantitative variables and followed a parametric data distribution. The purpose was to test the hypothesis that there is variation in the average of these indicators, being associated with PC. Regarding the indicator for consultations, which represented a variable of discrete quantitative type and followed a distribution of non-parametric data, the analysis of Friedman variance was performed with Dunn's post-test to compare Pre PC, PC, and Post PC data groups. This analysis was aimed to test the hypothesis that there is variation in the number of consultations being associated with PC. The Framingham risk was calculated for each patient to measure cardiovascular risk in ten years. Thus, one-way ANOVA for repeated measures with the Bonferroni post-test was conducted to verify the change in coronary risk among the years for testing the hypothesis that the PC is able to interfere in coronary risk (Pagano, Gauvreau, 2012) .
RESULTS
104 patients of the 191 patients selected by consecutive sampling were followed up by the PC program. Thus, the results of this study refer to a population whose sample is represented by the demographic profile of 75.0% of female patients, 64.4% above 60 years of age, 55.8% white skin color, 72.1% with complete primary education, 68.3% in occupational activity and 83.7% with an average family income of one to five times the minimum wage. Regarding the clinical profile, 53.9% were considered obese (body mass index above 30 kg/m²), 19.2% with a waist circumference above the reference values (102 cm for men and 88 cm for women) (BSC, 2010), 26.9% had dyslipidemia, 18.3% were diabetics, 13.5% had a family history of SAH and 4.8% were smokers. In the pre-PC period the average coronary risk was increasing every year (n=36), achieving in the last year 14.3% ± 10.6. In the PC period this trend was interrupted, presenting 10.6% ± 7.7 [p<0,001] and, the post-PC period was 10.9% ± 7.9 [p<0,001]. Obtained earlier in the monitoring of patients by the PC program, this hypertensive patients profile refer to sample of this study, which has the care and clinical indicators shown in Table I and the cost variables in Table II .
The cost of PC was recorded separately from the cost of treatment offered by the PHS and can be attributed to 2009, during which there was investment in the PC program for the 104 hypertensive patients (Chart 1). 
DISCUSSION
The prevalence of SAH in individuals over 30 years of age in Ribeirão Preto is estimated at 59%, according to data from the MHD-RP in 2015 (Dib, Riera, Ferraz, 2010) . In 2013 the municipality invested in health a total of 26.16 % of the US$ 502,530,097.57 of collected revenues in the same year. This represented the average health care cost of US$ 271.99/inhabitant/year for a population of 649,000 inhabitants of the municipality (IBGE, 2013; PC = Pharmaceutical Care; bold number = average among the years; cost per patient = average ± standard deviation; Overall and cost per patient is an average among the years for each period; Laboratory tests include HDL, LDL, CT and TG. Non-medical costs are those related to health care and are not directly related to patient health. Among them were considered absenteeism, missing work due to consultations, and public transportation to go to and return from the consultation. Medical costs, those strictly related to the health of the patient, were listed as the cost of laboratory tests, consultations and AH medication. The total expenses related to health facilities refer to categorized office costs, cleaning, nursing, diverse, permanent, wages, contracted salary (IPMF 22%, Sassom 5%, INSS + insurance, FGTS, transportation costs, food stamps), water, energy, telephone, services, contractors, rentals, travel, small incidental expenses taxed as cash, fuel and expenses for the Support Foundation of Teaching, Research and Service of the Clinical Hospital of the Ribeirão Preto Medical School, University of São Paulo. Excluded were dental costs, x-ray, and medication, the latter being a cost variable analyzed separately. For the basal cost of the emergency units and the basic health considered were: office costs, cleaning, diverse, permanent, energy, telephone, services, contractors, rentals, travel, cash payments and fuel. For the calculation, the division between the annual cost and the annual number of consultations of each unit was performed, obtaining the average of the basic health unit as the baseline cost of a specialized service and the average of the emergency units as the baseline cost of an urgent or emergency consultation. The conversion into US dollars was made using the exchange rates published by the Central Bank of Brazil, USD $1.00 equivalent to R$ 3.34 in the 2015 consolidation. Brasil, 2015b; Brasil, 2015c; Brasil, 2015e) . The cost committed annually for the treatment of hypertensive patients in São Paulo, adjusted for the year 2016 was US$ 174.24, which represents 64.06% of US$ 271.99 per capita spending on health/year in Ribeirão Preto (PontesNeto et al., 2008; Dib, Riera, Ferraz, 2010; Brasil, 2015f (IBGE, 2013; Brasil, 2015b; Brasil, 2015c; Brasil, 2015f) . This study considers the pre-PC period as the baseline for the analysis of the results. Thus, this period refers to the years that conventional treatment was offered by the health system to hypertensive patients of the study. During this period the annual cost per patient diagnosed with SAH was US$ 198.97 for the municipality, US$ 28.73 more than the average committed in the state of São Paulo. This value projects to a cost of US$ 40, 897, 467.72 for the hypertensive population of the municipality, 31.10% of spending on municipal health. However, the results of our study showed that the PC was able to change this scenario, increasing the costs after discharge.
Meantime, it is possible to relate this increase of costs to promoting the most appropriate health care to the hypertensive patient because there was evidence for an association with a reduction in hypertensive crises due to improvement in blood pressure achieved by PC and promoting preventive care. As in the case of chronic nontransmittable diseases such as SAH, the preventive care is essential to avoid future comorbidity costs caused by SAH, being feasible that this strategy occurs at the level of primary care (Araújo, Ueta, Freitas, 2005; Borges, 2008; Borges et al., 2011; Malachias et al., 2016) .
Adding the cost of investing in PC, it was noticeable that the cost of treatment of hypertensive patients increased to US$ 42,422.70, which was US$ 407.91 per patient. Although this value is greater than the cost decrease caused by PC in the conventional treatment offered by the PHS, it had an important response in clinical outcome in the short and long term. This is because there was evidence of Thus, comparing the costs and outcomes of the PC and Post PC periods with the baseline, it is noted that there was a cost of US$ 407.91 and US$ 214.96 per patient/year to reduce SBP, DBP and TC of 16.4 mmHg, 8.7 mmHg and 12.2 mg/dL; and 9.4 mmHg, 4.6 mmHg and 12.0 mg/ dL in the PC and Post PC periods respectively. Whereas a reduction of 10 mmHg in systolic pressure can reduce by about 25% the risk of developing CVD (Roush et al., 2014) , it can be verified that there has been the cost of US$ 407.91 and $214.96 per patient/year to reduce by 41% and 23% cardiovascular risk in the PC and Post PC periods respectively. This analogy to the effectiveness achieved by the PC program can be based on meta-analysis results conducted by Queen Mary University of London, which showed that the reduction of cardiovascular events is associated with reduced blood pressure and not necessarily the use of AH medications in the case of SAH (Law, Morris, Wald, 2009) .
It is relevant that in this study the analysis of clinical indicators was performed by repeated measures and that this implied the exclusion of patients for the analysis of certain indicators due to the absence of registration of the same. Thus, a limitation would be not to show improvement of other parameters, which belong to the variables that were with n below the calculated one. However, the main outcome (SBP and DBP) and cardiovascular risk had subgroups with the n contemplated by the sample number. In addition, the costs can be susceptible to the accuracy of the database and the variation of what is committed. However, the main costs were collected from cost spreadsheets of the MHD-RP that remit to the reality of health system. About this study design, we checked the changes in health policies and government programs over the seven years and we did not detect changes that could infer in the results of this study. Although some antihypertensive drugs have been included for distribution in the PHS this fact was not capable of influencing the results of this study because it was not included an innovation drug or a drug to improve the effectiveness of blood pressure control.
It is noteworthy that the profile of hypertensive patients in this study is consistent with the reality of the country, allowing the extrapolation of results for the hypertensive population in the country (Malachias et al., 2016) . Above all, it is expected that this work will contribute to the cost of viewing a very prevalent morbidity in the country, SAH, thus assisting in the planning and optimization of health expenditures with this morbidity. In addition, we intend that these results encourage further studies of pharmacoeconomics to assess PC for the care of SAH in Brazil to better support the conclusions and assumptions regarding.
CONCLUSION
This study was able to formulate hypotheses that there is reduction of the costs when the PC program was implemented, but after discharge of patients in this program, costs increased. However, we can conclude that the value committed promoted the consequence to optimize clinical and healthcare results of hypertensive patients as blood pressure, TC and cardiovascular risk. Additionally, PC program has reduced hypertensive crises, promoting improved patient care in the preventive context verified by the reduction in emergency consultations and an increase in basic consultations. This allowed formulates the hypothesis that PC is able to save health care and economic resources in long-term.
